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INTRODUCTICN | 


Tis paper describing the practice at tue »,olf Tongue concentrator at 
.ederlana, Colo., is one of a series on similar subjects being published by 
the ‘Inited States Enreau of Mines. 


Tie evtnuor acknorvledges the assistance of William Loach, mana;ser of the 
dolf Tongue Mining Co., and of W. G. Roseborough, superintendent of tue olf 
Tongue mill, in the orevaretion of this paver. 


GENGRaAL DesCRIPTIUN 


Tue Wolf Tongue concentrator occupies a hillside site on Miadle Boulder 
Creek at iederland, Colo. Kecerland is 17 miles b; automobile road soutuvest 
of Boulder, and its altitude is 3.220 feet above sea level. The concentrator 
has a maccimum canacity of 1 ton of ore per hour when treating ferberite ores 
containing about 4 per cent of tungsten trioxide (02). With higher-grade ores 
the cavacity is less and may be as low es 1,000 pounias of ore per hour when 
treating ores containing over 10 per cent of tungsten trioxide. 


Tue present mill was erected in 1928 to reolace one that was destroyed by 
fire in tre suamer of 1927. Tke roof and sides of the mill building are of 
sieet asbestos placed on a timber fremevork; the fo.ndation and floor are of 
concrete. ‘T%.e inside walls are gunited to afford protection against fire, to 
‘“worove Ligrting, and for ins:lation against winter weether, Tue mill mild- 
ing is neated by two coal-fired hot-air furnaces. 


T..e total cost of the mill fully eouipped was $85,000. Of the total 
cost $60,000 was the contract price for the building and new macniner, and 
tue balance vas for the reconditioning and setting of the older equiowent, 
Thich went through tke fire. 


1 Tne Bureau of Mines will welcome reprinting of ti-is paper, provided tune 
following footnote ecxnovledgment is used: "Reprinted from J. S. Bureau 
of tiines Information Circular 6685." | | 

2 associate mining engineer, U. S. Lureau of Mines. 
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of tre total ore treated in 1931, 90 per cent was derived from the 
company ormed and operated Cold Springs mine; the remaining 10 per cent 
vas custor ore purchased from lessees. At the Cold Springs mine the cut- 
and-fill system of wining is emoloyed in conjunction vith selective mining, 
hand sorting, and cobbing. About 85 per cent -of the material broken in min- 
ing is rejected as wasté before milling. 


The company orms a rater right on Middle Boulder Creek from which pover 
for milling purposes is generated. The pover plant is adjacent to the mill and 
is equipoved with a Leffel wieel direct-connected to a 100-kv. a. generator. 

The nead gate end earth cam are 2,700 feet cistant from the power plant, and 
water unter ao total neaa of 100 feet is delivered to the latter through a 4 

foot diameter Oregon-fir pine line. Water for milling is octained also from 
this pine line by gravit, flow, and as plenty of water is available there is 
no necessity for reclaiming tiie used mill vater, 


-. ORES TREATED 


T:6 ouly econonic mineral in thé ores treated' is ferberite, the tungstate 
of iron (FewWO,). Ferberite is one of the wolframite series of minerals and when 
pure has a con osition of 23.7 per cent of ferrous oxide (FeO) and 76.3 ver cent 
of tungsten tr>«xide (ii0,). The ore treated at the Wolf Tongue mill in 1931 
contained an arerage of Os le per » cent of tungsten trioxide. 


wost of the ferberite ores in the ee district are relatively free froz: 
associated gangue minerals with ti.e exception of quartz. The quartz occurs in 
the ferberite veins in much. less amounts than is ordinarily present in the _ 
quartz-type of veins, According to Hess, associated minerals other than quartz 
are few and scarce... Adularia, calcite, cualcedony, chalcopyrite, galena, gold, 
silver, limonite, magnetite, opal, pyrite, scheelite, sphalerite, and sylvenite 
may be present - however, money: and ‘in very small anerves | 

Froii a eguitetine ease eta ane: aeaiecengecencneite impurity occurring in | 
the Boulder district fercerite ores and concentrates is phosphorus. The per- 
centage of plosvhorus,.rovever, can be met below the limit demanded by the 
consumers of tungsten concentrates. 


Tue ores treated at the Wolf Tongue concentrator may be classified into 
two general types: (1) Gres wherein tne ferberite is Liberated from the gangue 
by coarse crusiiing, and (2) ores of the “hornstone" or ‘chalcedonic type wherein 
the ferberite and quartz comprise a cryptocrystalline paercee te that requires 
fine grinding te ee UREete tue penVereyes = 


3 Hessy. Frank i Ae See aTdenee is , Colorado: Ferberite and the 
dOlfranite Series: U.S. Geol. eae, pane 583, isi4, “PP. (12-17. 
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Zecause of the extreme friability of tie ferberite an. excessive amount of 
slimes is produced in crushing, especially when fine grinding is used, which © 
cakes concentration by gravity methods difficult and renders uneconomical under 
present conditions the treatment of ores containing less than 3 per cent of WO. 
although the specific gravity of ferberite is 7.5 and that of the gangue about 
2.7, no equipment yet devised has ‘been wholly effective in recovering slimed 
ferverite as a high-grade concentrate. In milling the ores it is necessary . 
therefore to comoromise between the recovery. made and the grade of the concen- 
\rate produced, as a high-grade product results in a lower recovery and a high 


Tecovery results in a portion of the concentrate being of too lov grade to be 
teadily marketed. . 


_ dith ores containing from 33 to 30 per cent of ii0, recoveries have averaged 
eoout 90 per cent; the maximum recovery over a l-year period was 92 per cent. A 
uillin, recovery of £0 per cent is exceptionally high for any of the economic 


hngstea ores with the present methods of gravity concentration, but it should 
“€ derstood that a part of the concentrate produced when such recovery is made 
isa lov-srade product that can be sold only at a very large discount from the 
Mee quoted for concentrates containing 60 per cent of WOz or better. As an 
lustration, the average recovery of WOz at the wolf Tongue concentrator in. 

ijl tas 66.6 per cent4-70.3 per cent of’ the total WOz in the ore milled vas 
‘fevered in a “.igh.erade concentrate containing 54.38 ver cent of WO, and the 
— 16.3 per cent in-a low-grade concentrate containing 31.73 pér cent of 


BRIEF HISTORY. -OF CONCENTRATOR OPERATIONS 


- ] first concentrators for treatin. tungsten ores in. the Boulder district 
the — about 1903. In comparison with the results of present practice 
dings were not very efficient, due largely to tue fact that the | 
“eld te Stics of ferberite ores ‘were not. thoroughly known. : Before the Boulder 
center as prominent as a producer of tungsten ore Nederland had been the | 
Jpn a §0ld and silver mining operations in adjoining areas. The old mills 
tusten erly treated the gold and silver ores were subsequently converted to 
a Silver wcontrators, and the flow sheets established. for milling the gold — 
r evilts. Cres were retained for treeting. tungsten ores, with unsatisfactory 


Pe Wolf Tongue concentrator to treat tungsten ore ‘as equipped vith 4 
Tis wily aUps, The flow siieet used at tuis mill in 1905 is. given in Fiyure 1.= 
O! the “ad a capacity of 50 tons: per 24 hours, and a recovery of 60 per cent 

"3 Was considered good work, Concentration ratio was 15 into l. 


re - ; 
oc nee nu. R., Tangsten in Golorado: 
400l of wines, 1905. | : 


| ‘Frenzel Frize Tiesis, Coloredo 


a. 


a 3. 
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courered wita the more elaborate flow sneets later aeveloped tue. treatment 
of tue ore in 1905 was very simple. ' ‘The wain defect: in the millin; metiods 
practiced in tie early mills vas fine crusuing by stamps at too early a stage, 
waicn resulted in tie loss of mach. ‘tungsten in eee eannees . 


The flow sheet of the tiolf Tongue concentrator as weoeraped in 1917 is 
snow in Figure 2 2 Improvements in practice of 1517 as compared to 1505 con- 
sisted in the substitution of tre jar crusher and roils for stamps in crushing, 
tue installation of jigs for the | sevaration of coarse concentrate, tne use of 
stanos for final crushing end grinding, the more tnorough preparation of feeds .. 
to tables by screens and clessifiers, and the installations of Monell sliniers . 
and a "rag plant" for tue RCO EE Y of the slimed ferberite. 


In the. Wolf. Tongue flor, sheet a& of 1$17; emphasis vas placed on the 
treatment of slime. The Nonell slimers were subsequently found to be unsatis-_ 
factory for. tle milling of ferberite ores, because the very fine ereue ace on 
tae Monell ‘sliner, yielding a . Lo= recovery. | 


Tue "rag plaate in 1917 consisted of 72- stationary canvas-covered tables 
exci Oo feet wide and 20 féet long, with a total area of 7,200 square feet. To 
economize on space the 72 tables were arranged in three-tiers placed vertically, 
there being 24 tables in each tier. The pulp was distributed to the upper tier. 
of tables, from “iience it floved to the bottom tier of tables so that. the slines 
passed over 60 linear feet of canvas. At the lover end of each tier of tables. 
vas @ continuous trough in woich the concentrates were collected. At intervals, 
tne pulp flow was stopped and the concentrates ti.at had collected.on the tebles 
were “asiied with a stream of vater into tiie trougns, which vere connected by 
pipes to a concrete settling tank. The concentrates were collected after 
settling. Tne average grade of tie "rage table" concentrate was about 30 ver — 
cent of -WQ0 During the "boom" tungsten market that preveiled during the World 
War Ae ne containing 30 per cent of WO could be sold readily, so that 
tie production of a high-grade concentrate was not so | essential in 1917 as it 


is to-day’. 


in 117, rien Pe grade of ore treated was 10 per cent™ of WOz, concentrator 


capacity amounted to 45 tons ver 24 hours, and recovery at tuais. t ing for the 
grede of ore noted was avovwt SO ner cent. 


PRESENT AEPEOD or Cli CENTRATING 


Tie mill flor. saeet used at’ present ‘igs shown in Bree 3. The metnod of 
treatment may be briefly suumarized as follows: | 


5 Fiscuer, S., jr., Modern Concentration of Colorado Tungsten cres:. Wet. and 
Culenie Eng., vol. 16, 1917, po. 559-562. 
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i een concentration is gene: at the mine by selective mining, hand 
sorting, and cobbing. 


2. Crushing to minus 4- inch is accomplisi:ed by tvo jaw crushers und one 
set of rolls. ae | | | = 


3. The minus z-inch material is sized ty screens into three products for 
jig treatment. : 


4, Tne. coarse jig tailing, olus 1/8-inch, is crushed to 1/8-inch Per re- 
turned to tLe jig; tie minus 1/8-inch jig tailing is eraeeet ted into 4 DEOOEE 
wnich are treated by a jig and sand tables. 


°. middlings from the Band tables and tailing from the jig are ground in 
a ball mill and returned to the sand tables for additional treatment. 


6. Table tailing pulps are euPenener and treated on six slime babies: 


: Two clesses of concentrates are produced in the jigs and on the tables; 
the first grade contains about 05 nee cent of WOz and the second grade from 
30 to 35 per cent of WOz. 


Present practice in concentrating at the Wolf Tongue mill is characterized 
by the large amount of concentrating equipment required to treat a comparatively 
small tonnage of ore, and b,; the meticulous attention given the concentrating 
equipment by the mill operators. It has been found in treating tungsten ores 
of the Boulder district that it is a oeden ee to crowd the mill without Carers 
a decided Recut e in recovery. 


It may be noted that stamps : are tot used at present, as it is generally 
conceded by millmer in tke Boulder district that stamps are unsatisfactory as 
crusaers for the typs of ore treated because they produce too large a percent- 
age of slime. The basis for the objection to the use of stamps in tungsten 
milling is found in the physical properties of the ferberite; the heavy, friable 
ferberite, settles back on the mortar blocks and is ground finer than necessary, 
producing slime, which causes high tailing losses, as previously noted, 


Toe "rag plant" in the present flow sheet is not primarily a part of the 
concentrating equipment; the three canvas tables are used as pilot machines to 
determine wuether or not — sand tables are making satisfactory oe 

“CRUSHING ALD SCREENING 

Ore mined by the company or by lessees is brought to the mill by automobile. 
hauling is done on contract at a fixed rate of $1 per ton within a radius of 
3 miles from the mill, 
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neferrin. to Figure 3, the ore is first weighed on a Eowe platform scale 
and tnen dumped from the truck into the crude-ore bins. From the crude-ore 
bins it pesses over an plane bar: grizzly witn z-inch openings. The grizzly 
oversize is crushed to #-inch size by a 7 by 10 inch blake- type snooth-jav 
crusher, equipped with manzanese-steel wearing plates. The crusher discharge, 
along with the grizzly undersize, passes by. grevity. to a belt and bucket 
elevator tlet discharges into a woven-wire tronmel screen ‘ith 4-inch openings. 
Tiis tromiel is 3 feet in diameter and 63 feet long; it is set at a BrOe of 
2 inches per foot and revolves at a. eueed. of 15 r.p.m. 

The tronmmel oversize is crushed to #-incu size by a set of 16 by 36 inch. 
icrarlane rolls. equipped. itn chrome steél shells . and operated.in closed 
circilt with tne tronmel..- . i | 


when concentrating oros averaging beet re per cent of wOz, the crushing 
equipment is ESS ee ee operas of. the mill Tonning ; time. 


The trommel unc ereize aa: seaited by a | Vezin saucer, which takes an a per 
cent cut. Tle sampler reject nasses by gravity into one of three storage bins, 
as eack lot of custom ore is kept separate until settlement is made. From the 
storage bins the ore is distributed:to the mill feed bin by a 16-inch belt 
conveyor equipoed with a rooden plow set. by hand, wnich discharges the ore 
from the belt into tue bin. 


Tue flow of ore frouw-the mill feed bin onto a steel pan feeder is con- 
trolled by turee rack-and-pinion gates, The apron feeder discharges into a 
tromnel- screen: with j-inch openings. Tue plus +-inch product. is further 
crusned to abcit a ancn in @ ilo... 3. Universal jay crusher equipped witn smootia 
manganese-steci wearing plates. The crusher discharge and the trommel under— 
size nass by gravity to a second belt-and-bucixet elevator, ‘which discharges 
into tro troumel screens, arranged in series, with 4 and 1/8 inch openings, 
respectively. water ig used with these screens and the tnree sized products 
comprise tiie feeds for jigging operations. 


JIGGING 


. Tue plus. g-inch screen product is: fed to a l-compartment bull jig; the 
minus # plus 1/8 inch material is handled by a 2-compartment jig; aud the minus 
1/8-inch product after dewatering is handled by a 3-cowpartment jig. All jigs 
are of tue Harz type and have screen compartments 163 by 30: inches in‘size. 

In the muiltiple-compartment. jigs the drop between successive screens is-l incli., 
Operating details of jigs are given in the table that follows: | 
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Cnerating details of jigs. 


Size of feed ..... eeeeeeee inches 

| _ plus 1/8 | 
umber of compartments ... 1 2 - 
Size of compartments ..... inches 30 by 163 30 by 16% 30 by 16:4 
Screen area, total ....... square inches AID - 990 1,485 
Screen openings, size .... : 6 10-mesh 


Depth of bed ......-eeseee6 inches 
Lengto of plunger stroke.. do. 
Plunger speed per minute.. strokes | 


The jig vrodcuct is of two grades; one contains from 50 to 60 per cent of 
WOz and the other from 30 to 40 per cent of WOz. Concentrates are removed from 
the jig beds at intervals by hand skimming, an vat the end of each shift & 
poneret clean-up is made on all jigs. | ae 


Tailings from the coarse and medium jigs are devatered and further crushed 
te about 1/-inch size by one set of 14 by 27 inch rolls equipped rith chrome- 
steel snells. The roll product is returned to the trommels ahead of the jigs. 
Tailings from the fine jigs are dewatered in an akins classifier 3 feet in 
diameter by 12 feet long set at a slope of 2 inches per foot, The thickened 
product is sized for fine jieging and table treatments, and the classifier over- 
flow is fed to a Dorr thickener placed at the head of the slime section. 


Tne advantage in the use of jigs is that the concentrate is recovered in 
a coarse form; therefore they increase recovery and reduce the amount of equip- 
ment necessary for the treatment of the slimes. 


FINE JIGGING AND TABLE TREATHENTS 


The three screens for sizing fine jig and table feeds are 20, 40, and 80 
mesh, respectively. — 


The plus Sosneshaaterial is treated oy one Harz-type jig having a screen 
surface of 14 by’6 inches. The screen cloth is 6 mesh and the depth of bed is 
54 inches. The fine jig produces a hutch concentrate which contains from 50 
to 60 per cent of WO, and a BASSES which is ground and retreated by tables, 


Tne minus 20 plus 40 mesh and the minus 40 plus 80 mesh screen products 
are each treated by a Wilfley table, and the minus 80-mesh material after 
thickening is also treated by a Wilfley table. 


Hach table mekes four products--namely, first and second grade concentrates 
®oich contain from 50 to 70 and from 30 to 40 per cent of WO,, respectively; 
middling, which is reground and retreated; and tailing, which is thickened ina 
Dorr thickener before retreatment in the slime plant unless the grade of ore be- 
ing treated is low, in which case table tailings can be diverted to the tailings 
pond without further treatment, 
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the fine jig-teiling- and. the end iste wiadlings.are tuicikened in a 
second A.ins classifier. “he'tlassirier overflow is seat to tnhe-Dorr thickener 
at the nead of tue slime section and tne thickened pulp is ground in a small- 
sized Marcy ball mill. ‘The mill.operates at a sneed of 36 r.p.m., and a ball 
load of ato-t 1 fon of bells ranging from 1 to 4 incoheg in diameter is usec. 
Tne ball-nill diécnarge is returaed to tne first akins classifier for. addition- 
&l cle Beaty ines screening, and concentration. ee 


se Ti ATh.Be T 
Tie Dorr ent caver ait tire head of the siine section: is. 20 - feet. in diameter 
and. 8 feet hign.. Lime is edded to the thickener at the rate of about 35 vounds 
per suift to aid in settliné the solids. . Tie underflow. ‘from the Dorr tuickener 
is fed by a 3-Way distrinuvor to’ three Deister-Overstron slime tablés woich. 
ile concentrates end tailings. ‘he tailings are sent to an 8 by 12 foot 
evaterin;, cone, the underflow of which is sent to turee additional Deister-’ 
peer Slime tables. From the latter tables. the tailings are distributed 
. turee « by 18 foot canvas tables. arranged. in ‘pardllel. ‘The slove of ‘these 
tables is adjv:table’and varies from # to 2 inches per foot according to the 
soe density of tne feed handled. Tne ‘canvas tables are used 3s pilot macl.ines 
ataer tuen cs en eajunet to the other concentrating equipment. By visual in- 
seer of the tatles whe mill operator can tell: vhether or not the ma:.im-m 
récovery of ferberite is being made. .. If more then tne usual amount of slimmed 
ae ag ‘si.ovs on the tables of the tras plant, "-tiie mill equipment 18 ad- 
usted a a adeuier TeCorelys 


‘the ‘tailinss fro the three slime tablee are ‘conveyed by launder to a pond 
where they are impounued for possible ‘future treatment. The tailings pond 
occupies w flat area of several acres near tie mill. The. sides of tne pona 
have seen tvilt un by hand vith earth retaining wells 4 to o feet nish. Tice 
averave wOz content of tiie. tailings in tue pond is about.1] per cent. 


DEYIEG skD SaCKING Cl COnORN RATES “* 


Tne Jig concentrates ‘after draining in pans” are ‘dried in a “Sutton coal- 
fired forndry sand aryer.. Tiie table concentrates pecausé of their fineness | 
are dryed ain pans placed on top of en ordinary coukstove.. _ 


After drying, the tro classes of concentrates are sacked separavel; for 
shipment. in canvas SACKS holding. about 120 pounds each. 


SAMPLING aD ASSAYING 


The ores are sampled at tne ‘ail, as previously cescribed, by. @ Vezin _ 
sanoler. . Custan ores usuelly are purchased in > small lots, averaging less tuan 
29Q pounds each. The sauples obtained ‘by, the Vezin ‘sampler are crushed in a 


rae ee ae ee 20m f., 3g ease 
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small cone crusher and divided by a Jones splitter until a final sainvle of 
about 1 vound is obtained, Each sample of pulp is divided into tvo parts, 
one of wWaick is sent to the custom assayer at: Boulder and the other kept et 
the mill until e satisfactory settlement is made with the seller. The cost 
of a tangsten trioxide (HO ) cetermination by the Boulder esscyer is °2.5C. 


Tue metLod used in isterminias the Oe content of ferberite ores and 
concentrates by the custom assayer at Eoul@er is essentially the same method 
given ody Ledoux and co.° In this metnod the sround sample is digested in 
HCl and EXO2 and evapor:.ted to dryness. The tungztic acid is tnen dissolved 
with ©Hy,Ok &nd filtercd, ‘Tie filtrate is eveporated to dryness and weigsed 
as 103. 

For a number of years prior to 1927 the wolf Tongue Co. eiiwloyed a 
specific-grevity metcod for determining anproximately the tungsten in ores 
and concentr ates. Tunis method was used for the ccntrol of miil overstions 
and for tornisning an ettinete of the velue of custom ores, so tliat a partial 
settlement could te made on such ores on the same day es received. Final 
settlanent on all Ores purcnased has alvays ceen made on cusvom essays. 


The equipment necessery and the mode of opers tion for tue specific- 
grevity isethod has been described by kess.as follovs: , 


Te articles neeued are 2 flusk nolcding abort 1,500 cubdic 
centimeters of rater, anc scales veligting, in grams up to 3 or 4 
kilos. The flask is counterbalanced, then 1,50 grams o7 water 
is reighed into it and tiie height warxed on the neck. 

For ceterminations, 1,300 grams. of vater is weighed into tue 
fleskh and tue dry ore poured into the flask until the vater is 
carried to tne 1,500-¢ram (c.c.) wark. This means, of course, 
tart the ore occupies <C0 cubic centimeters anc tuet an equel tulk 
of teter veighs £.9 grams. Tne veight of tue “eter in the flask 
1,409 grams, is sattracted frou tne total vreizt, and the differ- 
ence, thick is tre reight-of the ore, is divided by 200 erems, tie 

veilsrt of the vater displaced, thus giving the enecific gravity, 
vuich ig Gommared witi'a ‘table niente 1) Giving ti.e equivalent 
nercentage of #05. 


The figures given in “cole 1 are bascd.on the assuuption thst the gangve 
iinerals are of fairly «niform svecific gravity. 


c Ledoux ard Co.: Sovts Daxota Sci:ool of mines, Full. 12, De 151, 1918, 
7 Yess, Frank L., Ton-sten panChene aid Devosits: VU. S. bec ls Survey Bull. 
voc, 1°17, op. “7 =72 
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Tatle 1l.- rer cent of cick incicated t; scecific gravity of 


ESS EE ES eT i Gi 


Roulcer aistrict fercterite ores 


i: Specific jrav-f{ | {specific ares 
\Fercentage i ity for giver l>ercentage Nity for given 'Fercextage 
|or 


wr ° | - - e _- A 
woz in Upercenteges of of «Cz in oercentages of of Oz in 
} | 


Ssoecific grév- 
ity7 for given 
vercentases of 


ve s Po te ; oe - | 2 

aes in ore one te eee ore | ore = ne in ore ore 
2.704 : 1 : 3. 36% | 23 | 4,783. | As 
2.708 2 | 3.395 | 24 | 4,448 46 
a ae 5 3.432 | 25 | 4.513 a7 
3.766 | a \ 3.471 | 25 | 4.578 | a4 
2.621 | 5 4 3.612 | 27 | 4,643 | Ac 
2.647 . é 4.546 28 | 4.70% | 56 
Ce, an 7 : 3.586 2 | 4.783 | 51 
2,556 ! é . 2.629 ! 30 4,858 =| oe 
2.925 | S : 3.673: 31 i 4.533 | 55 
2eCu1 1 F Ske 32 | 5.008 54 
2.C7S | 11 f 2.761 55 | 5.083 | oes 
Bee 3.600 | 34 3 5.177 | be 
Kae i ne 3.850 25 5.256 | 57 
3.053 | é. i 3.699 | 36 Cea | 58 
5.056, LG ; 3.948 | 57 : 5.444 | J¢ 
Slee: 3 : 1 36997} 48 | D0 3 : 
3.162 | ° | 4,046 | 39 : 5.639 61 
or ne 4.054 | 40 | 5.745 a2 
3.008 | Ad I ass; ak 5.C51 6% 
5.202 | oa Oe Ae | 420 |; 5,857 64 
3.208. | 21 ' 4,267 | 45 | 6.060 6f 
3.325 | 22 4,323 | 4400 


CONCHATAATCH aAbCOVERY 


Tre évera:zse recover: of wWGz in 1941, as rreviousl: indicated, was 60.6 ner 
cent; 15.4 ner cent oc t-¢ totel woz in the mill feed vas recovered as lov-grece 
concentrates coutéining an averave OF 31.75 per cent of Oz; and tne remainder, 
7).4 per ceut, wes procuced as high-..reae concentrates containing 54.33 ver cent 
of #O~. Partial analyses of these tro classes of concentrates as determined 
Irom orevious siivivents are asont ag follovs:. 
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High-grade Lov-grade 


concentrate, concentrate, 
per cent per cent 
Tungsten trioxide ... 95.00 32.50 
PhOSpNorusS ....eeeseee 0.035 0.07 
SULPHUE es owes eeekies 0.06 0.30 
AL BONL C2. o% sess cies eee 0.025 ~ 0.01 
LEOD. 4 os 96:06 aw ata ave 00s 22.90 11.00 
aAluminuin oxide ...... 0.90 1.75 
Silicon oxide ....... 18.50 48 .00 
manganous oxide ..... 0.56 0.65 
kOlybdenum ,......... Nil | Nil 


Of tie total recovery of 86.6 per cent of WOz, 73.0 ver cent was made by 
the jigs, and the remainder, 13.6 per cent, was made by the tables. Tne table 
concentrates are very fine, ranging from 100 to finer than 400 mesh. 


Tue mill balance sheet for 1931 operations at the wolf Tongue concen- 
trator is given in Table 2. 


Table 2.- 411 balance sheet, wolf Tongue concentrator, 1931- 


Contained 
weight of | Assay, Contained wO., Percentage 
product, |per cent W ge ton | of total 
pounds wO WO 


vill heads ...............|2,499,970 | 5.72 | 142,998 | 7 10% 2 100 


Recovered by jigs: 


High-grade concentrates 156,¢86 | 53.16 ~ 8. 

Low-grade do. - 67,844 | 31.41 © 14.5 
Recovered by tables: . 

kigh-grade concentrates | 28,589 | 61.02 12.2 

Low-grade do. : 5,924 | 33.79 | 1.4 

Tavlines: weetus ed seen. Leyedl: » 307 0.855 L60 |. le ke See 
TOtal s:-ic.asauscarne wecsese 12,459,970 é 142 ;998°'| “7,149.9 | (100.0 


EXPERIMENTAL WORK OW FLOTaTION METHODS 


Eaperimental work on the flotation treatment of Boulder district ferberite 
ores as done as early as 1916. Although flotation equipment has‘been in- 
stalled in one mill of the district, this method of concentration has'not been 
generally adopted. The objections to the use of the flotation process have ~ 
been, in all probability, due to the fact that the ores varied considerably in 
“0, content and to the difficulty in keeping the percentage of phosphorus in 
the concentrate within the limit demanded by the consumers. 


678 - ll - es 


Google 


I.C. 6085 


secent etoerinental work by Cogiiill anc Cleuucer indicates tiat flotation 
way prove épplicable to t.:e concentrotion of tne ores, eituer as tie orincivel 
metnod or as an adjunct to gravity concentration. in tne treatment of tne slimes. 


Tie results of tue flotation experiments on roulder district ferberite ore 
and will slime as g¢ivep’by~Coghill 2nd Clexaer®. are as. follows:. 


Two saxples of Colorsdo ferberite were’ exetnined, a massive ore 
ard a mill sliie. In tre first saimle tue mineral ras-so finely dis- 
seulinated in qrartz fangue tuat cr snins to 200: mesh was required, 
The results of-flotation are given in Table 3.:-: The. rougker concen- 
brave vas cleened three times ani tue cleaner tailing is slown as 
"counosite cleaner teiling." (iwereas alkali is required for good 
roughing, flotation, au ezcess destroys flotation. in tae cleaning 
tle vsuel eractive nes: teverted from by weing -sulchuric acid. This 
_ anenalous practice can be. jastified only vy resvlts. Sulphuric acid 
dis versed the r omaining ‘ganze and zave a ‘concentr:.te of better grade. 
os sligi.t excess Ges broved’ flotation: ‘the rigi:t ‘aniount gave a pulv just 
slizutly acid, “nen acid is used th tie ‘cleaning somé additional pine 
oil nay be required. ihe technique of repeated cleaning in the 
laporetory is difficult beceude the | cuarge is so small; A larger amount 
of crude ore vo-ld have to be used for better results. — @ 


Fable ‘e 3 =  Coldredo ferterite-ore | 


ASSOY, 


welz at, Percenti:; e 
Product re ‘Der per cent of votal 
| ee “Cent | 
Cleaner concentrate tee £327 
Coumosite cleaner tailing .....° “33.6 
Rougwer Concentrate wrvesserece: 47.3 20.28 
ROWsner tailing teteeeeeed pees | ~§2.7 0.69. | : 
a. e hee | oe, : oe : 
Comoosite (feed) ........--6----- | 100.0 Sl 


| Founis per ton of cruce ore 
“Ree,ents used D 


; eee ee eee : Bouter 
Fine oil eee e eee cece reece eee, ~—0.08 , 
Cleic ecid i arcuate ies es eece , ; 704 


Sodiun nyarozide eevee eesnseveene 


Sodiun silicate settee eee eee) 
sulvimric acid ececoee or eet eves ou s 


’ 
Se eee 


: 
Sodium oleate aetna eee, ory 
! 


ments | 


ant oe 


eee oe enim e. 


3 Coraill, Wil i and ‘Clemmer | Je ‘Eruc¢e, “Soas #lotation o ‘of the ixon- - 
sulphides: Tech, P Pub. ivo. 445, An. Tast » sin, “and wet. ane. 1932, 
po. 1-15, 0 
67G h T  Ptee ache ace aera Se. eee oe 
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Tue second sample was a mill slime, the screen analysis of wnicao is si.owm 
in Table 4, The mineral was excessively fine and the sauwole vas veatnered. The 
ganzue was quartz with some altered feldspars. Tie flotation results ere given 
in Table 5, and siow a very small loss in the rovugner tailing, but the recovery 
in tne cleaning operation was not good; the four cleanings left too much mineral 
in the middling. Doubtless plant operation wold improve the technique enough 
to add to the recovery. The pnosphorus content of the concentrate "2s not 
determined, 


e + &©& @ & © @ fF * 


Peace of 
- total WO 


erry 


Size per. cent. WO3:- 


Plus 100 mesh ....... 
100 to 200 inesh ..... 


230 to 400 inesh ..... 
idinus 4CO mesh come 7 ae 55° Q 
| i gia’ 
! 


OoOnIW © 
ae 
occa 


eh OP ee ee OR es ae 8 


a ee ee eee, 


_ Composite (feed) .... 


i we a OS Op ce ee 


oo 


Percentaze 


Froduct of total 


Cleaner concentrate ........06 4¢ 90 46,2 
Composite cleaner tailing ..... | 14.31 | 50.9 
Rougher concentrate ......cceece. 21.66 | Sara 
2.6 

| 

| 


Reugner tailing .......seeeeees 42.9... 0.87 , (26S 
JOrmosi te feed 09 eevee Ca eoevve 100.0 aes 12,74 | S100 0 | | 100.0 | 


Founds per ton crude ore. 


Reegents used eo Fie | Cleaner 
Rougner  __ No. 1 | No. 2! Yo. | FO. 4 
Fins. Ol wwatsewsseseccetieneee 1 ~OSOR a5 - | - |. = 0.04 
ClEVC BCI vss Sues heeeeaauwes 7, e a et tale 


SOGtUM COLES UE: au ae eveun ves ee ~60 - 
SOS a ATOR: 6.4:e sia win ered re ° «30 0.26 - - = 


Sodqitun Silicate eeeocesvreseozeves i aed 


SUL ys GUur1e eaecid -@e¢eeeve Cw ae ae ee ae e as 26 


. 
<r ee ee 


078 = 13 — : 
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WETaLLURGICaL TATA ArD: LILLIrG CCSTS oo: 
Letallurgicel data for eight montns of 1°51 are oresented in Table 6. 


Tecle 6.- Metallurzical oata, 
end - ee 
eijzht montis of 1521 


TONES ONE: CeCe: «5S iis ig graswieeese ose so OW Swe wre eG eee Cie acere's dry tons 1,000 
COW < ONG: ccs gia. a veisierd senesced ave bale we w Gene eee eames do. 1.125 
HCA SCG Ce aga dd. 5-§ wieeeenes oh0ew bee aeranare Whe Ree A ae eee ae do. 12d 

Average WO, content in mill Teed ....cee cere eee eaoee per cent De (e 

OOCTAVING, Tiles SOCAL 54.0446 ecwtweec acu eeeesec esis days reas 

Onerating time per GAY ceccveecccccccccecsccevcssecce | hours g 

averaze ore trezted per elgnt hours ......eeeeeeseeee = bn 5.000 

DOvaL Concentrate: produced isueseewrsoceiwumacwcaeee ° Ox 12S, %<1 
Total il; b-prece Concentrate cucatsciesencswerseean.  _ dO. G2.437 
Tote LOveered6 COLCeNILALe: ccwsictisgedease sweeten ‘C06 36.664 

Total recovery Of WOz eevesescressccseccccrecrreccson per cent £6.60 
Im hieh=2TAade Concentrate <05.0ss5de20bocevewtesesee | do. 70.3 
Ta low-crece Concentrate .acccccsevcccccssecesenece do. 16,5 

ReULO. GO CORCENCES CLO: airs os 40d'a:e' a duetes wei oe sere eee-o eure tons into l Cat 

13 produced per ton of milled ‘ore, average.: vounds GC 

6 


water consiucotlon per ton of ore treated, net ....... tons (estimated) 


EY ED ES EET 


a eee ceria 


woen the will onerates on a one-ssiift basis a crew of three men is re- 
quired, inclucing try+ suverinvendent. The costs for treating 1,250 tons of 
ore conteining 5.72 ner cent of WC, for an 8-month period in 1931 are given 
in Tadle 7. In Tatle 8 a summary Of tiie costs in units of labor, pover, and 
svnnlies is given for tie sane veriod. 


Table 7.- Summary of costs for eignt months of 1931 


ae ‘Sunplies 
Fover and repsirs 


Totel 


Breaxins, crusting, @nd srinding.. St - 5C.168 GO .428 
Screenin: ard Conve, ing weccccccce ool = elll 630 
DCIS ath sia bed Pease se op eee se 79 = "O24 803 
| Akal op 6 9 cr a eee ,o19 | el 


| | 
joe 2 
i. Jt. 
| | 

{ 


assaying, sampling ....c.cecceceee| 1/3. 300 - 

PULSCELLGR CONS :.ouiereareie ae we eres ewe. Ve / 0259 

; DOtal: weciecwutad yates sae as 600 2. he. Os0GO- 1. Osode 6.015 
1/ Incluces custom a:isaying charges. Custom assaying charges’ on 125 tons of 


lease ore averaged 328 per ton in 1931, or $2.80 per ton based on total 
tonnage treated. Tiis hign cost is due to tne purchase of many small lots 
ore ore which averaged less than <CO pounds each. 

2/ Includes drying and saclting of concentrates. 
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Tetble 8.- Summary of costs in units of lavor, voower, and 


supplies 


aA - Labor (tons per 68-hour man-shift): 


Breaking, crusning, and grinding ... 
Screening and conveying .cc.ccescecsens 


DEO INE is scc Se eceeee ww sb eles es Sue eea 
Tabling eeseoeg~eoeoeeoseeseswesereteeseeneneteerteetee @ 


Sampling ..... era aves 


Tons per 8-hour man-shift, total labor .......... 


3 - Fover (kw.hr. per ton of ore treated): 


breaking @®eeeteeoesoeseeseeeoeeespeeseveeeesees ® 


Crus nine: 640s ees whee 


Total eeoe@saeeeeeseseeoeeeveesweeeeneoaeneae @ 


GRINGine : ois ws/acewielereas 
Conveying and screening ...csccrrcecsecsaccens 
DUZEINE 445% 484 Stabe Uwws. ed Roke aed es 
MEDORA TE. cg dcpreceict ter oi sib eiatenere arene pieiare eee 


C - Labor, vercentage of total direct cost ........00.6 
Porer and supplies, percentage of total 


GITeCt COSt. 666068 ses 


assaying, percentage of total direct cost ........ 
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Howe platform scales 


C re bins 
Grizzly (3/4—Inch openings) 
Undersize Oversize 


Crusher (Blake type) 
Elevator | 


Tromme! (1 /2-inch openings) 


Undersize Oversize 


Vezin sampler Rolls (16 by 36 inch) 

sab lo (8 per cent cut) Reject 

Sempler bins 

come crusher 

Splitter (Jones type) 
Sample (1 pound) Reject 
Assayeor Storage bins 

Belt donveyor 
Mitl: {eed bin 
Pan feeder 
Tromme| (1/4-inch openings) 
| Ses | 
Undersize Oversize 
Crusher (No. 3 Universal) 
Elevator 2 
Tromme! screens (wet, 1/4 and 1/8 inch openings) 
Minus 1/8 Inch Plus 1/8 minus 1/4 Inch Plus 1/4 Inch 
ai nah 
Jig (3-compartment) Jig (2-compar tment) Bull jig (1t-compartment) 
Firet Second Tailing First Second Tailing First Second Tailing 
concentrate concentrate concentrate concentrate concentrate concentrate 
Akins classifier 1 Dewaterer 
Rolls (14 by 27 inch) 
Overflow Sands 


Screens (20, 40, 80 mesh) 


Plus h Minus 20 plus 40 mesh Minus 40 plus 80 mesh Minus ee 
v 
Richards jig Table | Table 2 Settiing box in launder 


Hutch concentrate Talling First Second Middling Tailing First Second Midaling tailing Underfiow Overflow 


concentrate concentrate concentrate concentrate 


Table 3 


First Second Middt ing Talling 


concentrate concentrate 


Elevator 3 
Akins classifier 2 


Olaphragm pump ————<«+— 
Dorr thickener 


a 
Underf low Over f low 
Ball mill (Marcy No. 3) 


Elevator 4 


Under f low Over f low 


Distributor 
Deister-Overstrom tables (3) 


First concentrate Second concentrate Tailing 


Dewatering cone 


, a aE; 
Under flow Overflow 


. Deister-Ovarstrom tables (3) 


First vicantrate Second concentrate Talling 


Rag plant 
Concéntrate Talling 


Launder 
Talling pond 


Figure 3.— Wolf Tongue concentrator fiow sheet, 1932 
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